Chromosome 8q24 has emerged as an important region for genetic susceptibility to various cancers, but little is known about the contribution of DNA methylation at 8q24. To evaluate variability in DNA methylation levels at 8q24 and the relationship with cancer susceptibility single nucleotide polymorphisms (SNPs) in this region, we quantified DNA methylation levels in peripheral blood at 145 CpG sites nearby 8q24 cancer susceptibility SNPs or MYC using pyrosequencing among 80 Caucasian men in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. For the 60 CpG sites meeting quality control, which also demonstrated temporal stability over a 5-year period, we calculated pairwise Spearman correlations for DNA methylation levels at each CpG site with 42 8q24 cancer susceptibility SNPs. To account for multiple testing, we adjusted P values into q values reflecting the false discovery rate (FDR). In contrast to the MYC CpG sites, most sites nearby the SNPs demonstrated good reproducibility, high methylation levels, and moderate-high between-individual variation. We observed 10 statistically significant (FDR < 0.05) CpG site-SNP correlations. These included correlations between an intergenic CpG site at Chr8:128393157 and the prostate cancer SNP rs16902094 (r ¼ À0.54; P ¼ 9.7 Â 10
Introduction
Chromosome 8q24 has emerged as an important region for genetic susceptibility to a number of cancers, including prostate, breast, colorectal, bladder, and ovarian, as well as glioma, Hodgkin lymphoma, and chronic lymphocytic leukemia (CLL; refs. [1] [2] [3] [4] [5] [6] [7] [8] . This region is of particular importance for prostate cancer, as genome-wide association studies (GWAS) have identified multiple independent single nucleotide polymorphisms (SNPs) at 8q24 to be associated with prostate cancer risk (2, (9) (10) (11) (12) (13) (14) . Recently, known susceptibility SNPs at 8q24 were also shown to interact with pesticide use to increase prostate cancer risk in the Agricultural Health Study (15) . However, the biologic mechanism underlying these associations is unclear.
The 8q24 region has traditionally been described as a gene desert, with most of the susceptibility SNPs spanning an approximately 800 kb region that lies more than 200 kb upstream of the MYC oncogene. It has been proposed that epigenetic mechanisms might contribute to risk based on the identification of gene regulatory elements at 8q24 and evidence of long-range interactions with MYC for several susceptibility regions (16) (17) (18) , although most studies directly evaluating the relationship between the susceptibility SNPs and MYC expression have been null (19) . Other genes, specifically POU5F1B and PSCA, and noncoding RNAs (ncRNA), including PRNCR1, CCAT2, and PVT1, have been identified in the region and might contribute to cancer susceptibility. Although POU5F1B was originally thought to be a pseudogene, recent evidence suggests it may encode a functional protein (20) and it was observed to be overexpressed in prostate cancer tissue (21) . PSCA contains a bladder cancer susceptibility SNP and has been shown to be upregulated in bladder cancer and prostate cancer tissues (22, 23) . PRNCR1 and CCAT2 have been shown to be overexpressed in prostate or colorectal cancer, respectively (24, 25) , and expression of PVT1 has been associated with an upstream prostate cancer susceptibility SNP (26) , suggesting a potential role in cancer risk.
Alteration in DNA methylation, a type of epigenetic change, is thought to be one mechanism by which genes and the environment may interact in the development of disease and may contribute to the observed associations for 8q24 genetic variants with cancer risk and their interactions with pesticides. Current evidence suggests that there is both an inherited and an environmental component to DNA methylation (27) . Changes in DNA methylation could potentially affect cancer risk by altering the expression of genes or ncRNAs or by influencing genetic stability (28) . A number of studies have demonstrated altered DNA methylation levels at CpG sites in gene promoter regions, repetitive DNA elements, and CpG islands (regions containing a higher density of CpG sites) in cancer tissue when compared with histologically normal tissue (27, 28) , and there is growing evidence that DNA methylation in peripheral blood may also be associated with cancer (29) (30) (31) (32) (33) . Evidence also indicates that DNA methylation may mediate the association between genetic variants and disease outcomes. Recently, DNA methylation was suggested to mediate the association between FTO gene variants and obesity (34) , as well as the genetic susceptibility to rheumatoid arthritis (35) . However, DNA methylation in peripheral blood at chromosome 8q24 has not been well characterized.
To evaluate variability in DNA methylation levels at 8q24 in peripheral blood and the relationship with cancer susceptibility SNPs in the region, we conducted a study of 80 non-Hispanic Caucasian male participants in the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial. Specifically, we aimed to evaluate between-individual and temporal variation in DNA methylation at CpG sites at 8q24 to identify CpG sites with variability in the population and to investigate the stability of DNA methylation levels in this region over time. In addition, we aimed to investigate the underlying genetic structure in the region by evaluating correlations for DNA methylation levels at the CpG sites with each other and with the cancer susceptibility SNPs at 8q24. Correlations between DNA methylation levels at 8q24 in peripheral blood and SNPs in this region have not been previously studied. Such knowledge may provide additional insight into the genetic/epigenetic architecture of this complex cancer susceptibility region. As a secondary aim, we also aimed to evaluate associations between DNA methylation levels at 8q24 and established cancer risk factors [e.g., age, smoking, and body mass index (BMI)].
Materials and Methods

Study population
The PLCO Cancer Screening Trial is a randomized trial of more than 150,000 men and women ages 55 to 74 years who were enrolled from 10 centers across the United States between 1993 and 2001 to evaluate the impact of specific cancer screening regimens on the risk of mortality from prostate, lung, colorectal, and ovarian cancers (36) . At baseline, study subjects provided written informed consent and completed a questionnaire regarding demographic and environmental/lifestyle characteristics (e.g., diet and smoking). Screening arm participants were also asked to provide blood samples at baseline and at yearly follow-up visits for 5 years (36) . In the current study, we evaluated DNA methylation levels at chromosome 8q24 using DNA extracted from peripheral blood samples for 80 non-Hispanic Caucasian male PLCO participants in the screening arm without a previous diagnosis of cancer. To allow assessment of temporal variation in DNA methylation levels at 8q24, we selected paired blood samples from baseline (T0) and year 5 (T5) from a separate group of 80 non-Hispanic Caucasian men in PLCO (40 prostate cancer cases and 40 controls). We chose to use samples from T0 and T5, the latest available time point, to maximize the possibility of a change in DNA methylation levels over time. We also selected an independent group of 273 non-Hispanic Caucasian men in PLCO who had no previous history of cancer at enrollment in the PLCO Trial and had genotyping data for the SNPs of interest to serve as a replication set. All subjects selected for these studies were included in a previous GWAS for prostate cancer (14) . All participants provided informed consent to participate in genetic studies of cancer and other diseases, and the study was approved by the Institutional Review Boards at the 10 centers and the NCI (Bethesda, MD).
DNA methylation assay design
We developed targeted assays to quantify DNA methylation at specific CpG sites at 8q24 using pyrosequencing on bisulfite-modified DNA, which is a highly sensitive method to detect differences in DNA methylation between individuals. We chose to develop targeted assays instead of using DNA microarray technology, such as the Illumina Infinium HumanMethylation450 BeadChip (Illumina HM450), because the existing microarrays have limited coverage of the 8q24 region. In addition, CpG sites on the microarrays were not necessarily chosen based on between-individual variation, and in this study, we aimed to identify specific CpG sites with substantial between-individual variation in DNA methylation levels.
As the 8q24 region is large and because previous research has suggested a greater role of cis than trans regulation of DNA methylation levels by genetic variants (37, 38) , we targeted assay development within 50 kb of 10 different prostate cancer susceptibility SNPs at 8q24: rs4242382, rs1447295, rs6983267, rs16901979, rs10086908, rs620861, rs1016343, rs1456315, rs13252298, and rs7837328. These SNPs were selected on the basis of an association with prostate cancer in populations of European ancestry, with preference given to SNPs that also demonstrated interactions with pesticide exposures with respect to prostate cancer risk in a report from the Agricultural Health Study (15) . However, several of the SNP regions of interest were not pursued because there were few CpG sites or because of the highly repetitive nature of the sequences. We avoided assay development in highly repetitive regions as the assay reproducibility was expected to be low. We focused on SNPs that were associated with prostate cancer risk in the assay design because the 8q24 region appears to be particularly important for prostate cancer, but susceptibility SNPs for other cancers were often located nearby as well. Given the suspected importance of the MYC oncogene at 8q24, we also developed assays in or near MYC, including promoter regions, as well as intron, exon, and 3 0 regions. Assay design for all assays was conducted using the forward strand.
In total, we analyzed DNA methylation levels at 145 specific CpG sites at 8q24. Although we did not run the Illumina HM450 microarray in our study, we compared the list of CpG sites that we analyzed to the sites included in this microarray. Of the 145 CpG sites evaluated in our study, 19 were included in the Illumina HM450 microarray, and 18 of the 19 were in the MYC gene or MYC promoter regions.
Pyrosequencing assays
DNA was extracted from all samples using the Qiagen QIAsymphony method. For quality control and to allow assessment of assay reproducibility, 15% duplicates were randomly selected from the study participants (for total of 12 duplicate pairs) and randomly interspersed among the samples, blinded to the analysis laboratory. DNA samples for the study participants were shipped overnight on 96-well plates to EpigenDx, Inc. on dry ice and subsequently stored at À20 C. The DNA was bisulfite converted using a Zymo Research EZ DNA Methylation kit, which results in conversion of unmethylated cytosines to uracil, whereas the methylated cytosines are not converted. The DNA was then PCR amplified within the chromosome 8q24 regions of interest, resulting in incorporation of cytosine (C) for the methylated cytosines and thymine (T) for the unmethylated cytosines, using 45 cycles per PCR. Four artificial control samples were included on each plate [one negative control sample (no DNA added), as well as 3 positive control samples with known global DNA methylation levels: low (0%), partial (50%), and highly methylated (100%)]. Sequencing was performed using the Pyrosequencing PSQ96 HS System (Pyrosequencing Qiagen). The methylation status at each CpG site was analyzed as an artificial C/T SNP using QCpG software (Pyrosequencing Qiagen), and the percentage of methylation was calculated for each CpG site as methylated cytosine divided by the sum of methylated and unmethylated cytosines.
ENCODE data
We obtained ENCODE data annotations [ChIP-seq, which assesses transcription factor binding sites (TFBS), DNase I hypersensitivity, and histone methylation] for regions of interest at 8q24 in histologically normal tissues (PrEC, ColonOC) from patients with prostate or colon cancer and cancer cell lines (Caco-2, HCT-116, LNCaP) of prostate or colon origin from the hg19 build UCSC ENCODE file browser (http://genome.ucsc.edu/cgi-bin/ hgFileSearch). CpG site coordinates were converted from hg18 to hg19 using the liftOver tool and intersections were performed with intersectBed (BEDTools package), allowing a gap of 400 bp. We determined average alignability for CpGs by taking the average alignability score (from the 36mer CRG Alignability track in the UCSC Genome Browser, http://genome.ucsc.edu) for the bases in a 200 bp window (100 bp upstream and 100 bp downstream) surrounding each CpG site. We identified peaks corresponding to putative TFBS, DNase I hypersensitivity sites, or histone methylation marks based on a P <0.05. We translated P values into q values, which reflected the false discovery rate (FDR) using the Benjamini and Hochberg method (39) , accounting for the number of peaks for each mark within a given cell line.
Genotyped SNPs
We considered 42 cancer susceptibility SNPs at 8q24 in our study (Supplementary Table S1 ). These SNPs were selected on the basis of an association with any cancer in a GWAS with a P value < 10 À6 . We also included one SNP (rs7837328) that was not associated with prostate cancer at the genome-wide significance level in GWAS, but that previously was shown to interact with pesticide exposure to increase prostate cancer risk (P interaction <0.05) in the Agricultural Health Study (15) . Genotyping was previously conducted using the Omni2.5 platform. Of the 42 SNPs of interest, 18 were not directly genotyped in our study participants, and we used data that were imputed for these specific SNPs using 1,000 Genomes Project data release version 3 and IMPUTE2 (40) .
Statistical analysis
On the basis of the 12 pairs of duplicate samples in our study, we calculated the coefficient of variation (CV) and intraclass correlation coefficient (ICC) for each CpG site separately to assess assay reproducibility. For the 60 CpG sites with a CV < 25, we calculated correlations for DNA methylation levels at each site with each other and with the 42 cancer susceptibility SNPs at 8q24 by calculating pairwise CpG site-CpG site and CpG site-SNP Spearman correlations (r). We used ordinal variables for the SNPs, coded according to the number of variant alleles (0 corresponding to homozygous wild-type, 1 to heterozygous, and 2 to homozygous variant). We squared the r values for the CpG site-CpG site correlations to obtain r 2 values. For each measured correlation, we translated the P into a q value, which reflected the FDR using the Benjamini and Hochberg method (39) , accounting for the number of comparisons. An FDR threshold of 0.05 was used for defining significant associations.
To evaluate within-individual temporal variation in DNA methylation levels at 8q24, we conducted paired t tests comparing the mean DNA methylation level between the T0 and T5 visits for each of the 60 CpG sites separately using paired blood samples for the 40 prostate cancer cases and 40 controls combined. We also explored the pattern among cases and controls separately.
For our secondary aim of evaluating the association between DNA methylation levels at 8q24 and established cancer risk factors, we calculated pairwise Spearman correlations for DNA methylation levels at each of the 60 CpG sites and the following factors: age at blood draw, smoking (separately for smoking status and pack-years), and BMI. Age, BMI, and pack-years of smoking were maintained as continuous variables and smoking status was treated as an ordinal variable (0 for never smoker, 1 for former smoker, and 2 for current smoker).
Results
We quantified DNA methylation levels at a total of 145 specific CpG sites, including 46 sites nearby cancer susceptibility SNPs at 8q24 and 99 sites in or near MYC ( Table 1) . Most of the CpG sites evaluated upstream of MYC were located in intergenic regions; however, several of the assays conducted were located in PRNCR1 or POU5F1B (Fig. 1) .
When we calculated CVs using the duplicate samples in our study, we found that, in contrast to the MYC CpG sites, most of the CpG sites nearby the cancer susceptibility SNPs at 8q24 demonstrated good reproducibility (CV < 25; Table  1 ). Of the 99 MYC CpG sites evaluated, only 16 sites (16%) displayed a CV < 25, whereas of the 46 CpG sites evaluated nearby the susceptibility SNPs, 44 sites (96%) displayed a CV < 25. The poor reproducibility for most of the MYC sites appeared to result from the relatively low DNA methylation levels observed for these sites. The average mean level was 6.7% across the MYC CpG sites evaluated, in contrast to 74.3% across the CpG sites evaluated nearby the susceptibility SNPs (Table 1) . Considering the 60 CpG sites with good reproducibility (Supplementary Table S2 ), the CpG sites nearby the susceptibility SNPs tended to demonstrate moderate to high between-individual variation in our population, with an average range by assay from 3.8 to 29.6 percentage points and an average ICC by assay from 0.41 to 0.89 (Table 1 ). The MYC sites tended to demonstrate lower between-individual variation, except for the exon 3 and 3 0 regions evaluated, which showed an average range by assay from 14.0 to 33.3 percentage points and an average ICC from 0.71 to 0.81 (Table 1) .
For the 60 CpG sites meeting our quality control (QC) threshold, we also explored the extent to which DNA methylation levels at the CpG sites were correlated with each other, as well as with the known cancer susceptibility SNPs at 8q24, by calculating pairwise correlations. The strongest correlations for DNA methylation levels with each other (r 2 > 0.36, i.e., r > 0.6) occurred for CpG site pairs located within/nearby POU5F1B or MYC (highest r 2 in each of the gene regions ¼ 0.55, with P values of 7.1 Â 10 À15 and 2.6 Â 10 À14 , respectively; Fig. 2 ). For these highly correlated CpG site pairs, the average distance apart was 56 bp, and the associations remained statistically significant after adjustment for multiple comparisons (FDR < 0.05; data not shown).
We also observed significant correlations between DNA methylation levels and several cancer susceptibility SNPs at 8q24 (CpG site-SNP correlations). Of the 41 CpG site-SNP correlations with a P value < 0.01 (Table 2) , 10 correlations met an FDR < 0.05. Boxplots displaying the distribution of DNA methylation levels by genotype for the top CpG site-SNP correlations are shown in Supplementary Fig. S1 . The most significant association was observed for the intergenic CpG site at Chr8:128393157 and the prostate cancer susceptibility SNP rs16902094 (r ¼ À0.54; P ¼ 9.7 Â 10
À7
; q ¼ 0.002; Table 2 ). Other associations that met an FDR < 0.05 included a CpG site at Chr8:128167809 in PRNCR1 and 2 nearby correlated (r 2 ¼ 0.80) prostate cancer susceptibility SNPs, rs1456315 and rs13254738 (for rs1456315, r ¼ 0.52; P ¼ 1.4 Â 10
À6
; q ¼ 0.002). The CpG site at Chr8:128167809 was also significantly correlated with the CLL susceptibility SNP rs2466032 (r ¼ À0. 42 ; q ¼ 0.01; Table 2 ). All of the correlations that met an FDR < 0.05 were also significantly correlated with a P < 0.05 in a replication set of 273 non-Hispanic Caucasian men (Table 3) .
We followed up on the 4 CpG sites that were significantly associated with 8q24 cancer susceptibility SNPs after adjustment for multiple comparisons in our study by searching for TFBS, DNase hypersensitivity sites, and histone methylation marks within 400 bp of the CpG sites in histologically normal tissues from patients with prostate or colon cancer and cancer cell lines of prostate or colon origin in ENCODE. Although these 4 regions were relatively repetitive, resulting in poor alignability (average alignability for each region: 46%, 3%, 36%, and 37%, respectively), which likely reduced the ENCODE data that were available (typically $100% alignability is required for confident peak calls), we identified several marks with a P < 0.05 nearby the CpG sites of interest. In the colorectal cancer cell line Caco-2 (colorectal adenocarcinoma), we identified a DNase I hypersensitivity site about 340 bp away (P ¼ 1.6 Â 10
À3
; q ¼ 2.3 Â 10
) from the POU5F1B CpG site at Chr8:128498051. In addition, in the colorectal cancer cell line HCT-116 (colorectal carcinoma), we identified a TFBS for CTCF approximately 254 bp or 171 bp from the two POU5F1B CpG sites at Chr8:128498051 and Chr8:128498134, respectively (P ¼ 0.04; q ¼ 0.04). We did not observe significant peaks (P < 0.05) for any of the marks evaluated in the available histologically normal tissue from patients with prostate or colon cancer in ENCODE.
When we evaluated temporal variation in DNA methylation levels for the 60 CpG sites meeting QC criteria, we identified 3 CpG sites (Chr8:128498097, Chr8:128393166, and Chr8:128465853) that demonstrated significant changes in DNA methylation levels during the approximately 5-year time period examined (P ¼ 0.01, 0.02, and 0.04, respectively). However, none of these associations remained significant after adjustment for multiple comparisons with an FDR < 0.05 (data not shown).
Further evaluating DNA methylation levels at the 60 CpG sites with established cancer risk factors, we observed a number of significant associations with age, BMI, smoking status, and pack-years of smoking, although none remained significant after adjustment for multiple comparisons with an FDR < 0.05 (data not shown). Notably, the intergenic CpG site at Chr8:128393157, which was significantly associated with a prostate cancer susceptibility SNP at 8q24 in our study, was associated with BMI (P ¼ 0.003). In addition, the CpG site at Chr8:128167809 in PRNCR1, which also demonstrated significant associations with 8q24 cancer susceptibility SNPs in our study, was associated with smoking status (P ¼ 0.04) and pack-years of smoking (P ¼ 0.05).
Discussion
Our study is the first to investigate patterns of DNA methylation in peripheral blood at chromosome 8q24 and the relationship with cancer susceptibility SNPs at 8q24. In this population of non-Hispanic Caucasian males, the CpG sites located nearby the cancer susceptibility SNPs at 8q24 tended to show high levels of DNA methylation, moderate to high between-individual variation, and good reproducibility. In contrast, the CpG sites in or near MYC tended to display lower levels of DNA methylation, lower betweenindividual variation, and poor reproducibility, although the CpG sites in the MYC exon 3 and 3 0 regions performed well and also demonstrated moderate to high between-individual variation. DNA methylation levels at the CpG sites evaluated tended to be stable over time in the relatively short 5-year period examined in our study. There was some evidence of associations between a number of CpG sites and Figure 1 . Landscape of DNA methylation assays, cancer susceptibility loci, noncoding RNAs, and protein-coding genes within 800 kb region of 8q24.21. Black vertical lines within the top yellow strip depict the locations of the DNA methylation assays and the color vertical lines within the second strip depict the locations of the cancer susceptibility loci (blue, prostate cancer; sky blue, chronic lymphocytic leukemia; pink, breast cancer; orange, colorectal cancer; red, bladder cancer) with P values < 10 À6 according to published GWAS. One locus (rs6983267) 3 0 to RP11-382A18.2, which is both a prostate and colorectal cancer susceptibility locus, is colored half-blue, half-orange. Noncoding RNAs are colored green and protein-coding genes are colored dark blue. PVT1 is located 119.5 kb telomeric and PSCA 14.9 Mb telomeric to the region plotted here. Other cancer susceptibility loci (Hodgkin lymphoma, breast cancer, ovarian cancer, glioma, bladder cancer) have been reported at least 290 kb telomeric to the region plotted here. established risk factors for cancer (age, smoking, and BMI); however, these associations did not remain significant after adjustment for multiple comparisons. Given the relatively small sample size in our study, these associations may warrant reevaluation in larger populations. We identified correlations for DNA methylation levels with each other within/nearby POU5F1B and MYC, as well as correlations between DNA methylation levels and cancer susceptibility SNPs at 8q24. Of the CpG site-SNP correlations, 10 remained significant after adjustment for multiple comparisons, encompassing a CpG site at Chr8:128393157 in an intergenic region, a CpG site located at Chr8:128167809 in PRNCR1 and two CpG sites located in POU5F1B at Chr8:128498051 and Chr8:128498134. All of the top 10 CpG site-SNP correlations were also significant in an independent population of non-Hispanic Caucasian males. Our finding of correlations for DNA methylation levels at CpG sites with each other within or nearby POU5F1B and MYC, while potentially due to chance, suggests a coordination of DNA methylation levels within these gene regions. Although the origin of these patterns is unclear (e.g., role of inheritance/genetic factors vs. environment), our findings are consistent with a previous study that observed correlations for DNA methylation levels at CpG sites located near one another, particularly those within distances up to 1-2 kb apart (41) .
Our finding of correlations between DNA methylation levels at specific CpG sites and cancer susceptibility SNPs at 8q24 is also intriguing. Although it is possible that these findings may be due to chance, we adjusted for multiple comparisons in our study and 10 of the findings remained statistically significant. Moreover, these correlations replicated in an independent population of non-Hispanic Caucasian men. Our results may reflect a shared inheritance or perhaps a differential propensity conferred by the SNPs to epigenetic alteration (42) . A number of studies have identified loci containing genetic variants that are associated with DNA methylation levels, termed methylation quantitative trait loci (meQTLs; refs. 37, 38, [42] [43] [44] . Similar to what has been observed for other regions, our strongest CpG site-SNP correlations were generally observed between CpG sites and SNPs located in relatively close proximity, with an average distance for our significant findings of 18,264bp. No recombination hotspots were observed between these highly correlated CpG sites and SNPs. Some of the meQTLs in the prior studies were also associated with gene expression (i.e., expression quantitative trait loci, eQTLs), and associations were observed between DNA methylation levels and gene expression as well (37, 38) . Although we did not have gene expression data to explore this question further, it is possible that the SNP-associated variation in DNA methylation observed in our study could in turn affect expression of genes or ncRNAs in the region and thereby contribute to cancer risk.
The most significant association between the CpG sites and cancer susceptibility SNPs evaluated in our study was observed for the intergenic CpG site at Chr8:128393157 and rs16902094, which has been associated with prostate cancer risk in GWAS (12) . On the basis of the Repeatmasker track of the UCSC Genome Browser (http://genome.ucsc. edu/), this CpG site is located in a L1HS long interspersed nuclear element 1 (LINE-1) repetitive element. As we observed reduced DNA methylation associated with an increasing number of risk alleles (which was the variant allele) for rs16902094, it is possible that altered DNA methylation in this region could in turn affect genomic stability and thereby contribute to cancer risk. We also observed significant associations between a CpG site at Chr8:128167809 in PRNCR1 and two prostate cancer susceptibility SNPs, rs1456315 and rs13254738, which were highly correlated with each other and therefore not independent of one another. Rs1456315, also located in PRNCR1, and rs13254738, located nearby, have been associated with prostate cancer risk in several populations of different ancestry, although the associations were stronger among populations of African or Asian as opposed to European ancestry (13, 45, 46) . PRNCR1 has been shown to be upregulated in prostate cancer cells and prostate intraepithelial neoplasia and may contribute to prostate carcinogenesis by affecting androgen receptor activity (24) . The CpG site at Chr8:128167809 was also significantly associated with the CLL susceptibility SNP rs2466032, suggesting that DNA methylation in this important cancer susceptibility region may play a role in other cancers as well as prostate. We also observed significant associations between two CpG sites at Chr8:128498051 and Chr8:128498134 in POU5F1B and several SNPs that have been associated with prostate and/or colorectal cancer (8, 15, 47, 48) . These two CpG sites were moderately correlated with each other (r 2 ¼ 0.09) and the SNPs were moderately to highly correlated with each other (r ¼ 0.51-1.0), suggesting that these findings are not independent of one another. Although rs7837328 was not associated with prostate cancer risk at the strict genome-wide significance level in GWAS, it was associated with prostate cancer risk in the Agricultural Health Study, and the association was shown to be increased among participants with increasing exposure to specific pesticides (15) . Our finding of an association between this SNP and DNA methylation levels at 8q24 suggests a potential role of DNA methylation in these findings. Notably, we also observed associations between DNA methylation levels in POU5F1B and rs6983267, which has been associated with prostate and colorectal cancers in GWAS (14, 48) and has also previously demonstrated long-range interactions with MYC in colon cancer cells (49) , lending some plausibility for an epigenetic mechanism contributing to risk for SNPs in this region. We also identified ENCODE marks nearby both POU5F1B CpG sites, which included a DNAse I hypersensitivity site and a TFBS for CTCF, in colon cancer cell lines.
Our study was limited by the fact that we did not sequence the entire 8q24 region and therefore we were not able capture all CpG sites. In addition, we did not evaluate CpG sites in some regions of interest because the sequences were highly repetitive, which we expected would result in poor assay reproducibility. As a further limitation, we did not have gene expression data, which would have allowed study of whether variation in DNA methylation at these sites was associated with gene expression. We also acknowledge that the relationships we observed between DNA methylation levels in peripheral blood and cancer susceptibility SNPs at 8q24 may differ in different tissues; however, we did not have available data to address this question in our study.
Our study also has several strengths. We quantified DNA methylation levels using pyrosequencing, which is considered one of the most sensitive approaches available to detect differences in DNA methylation between individuals. In addition, by conducting our study within a populationbased study, we were able to quantify normal variation in DNA methylation levels at 8q24. Moreover, the availability of serial blood samples and information on a variety of environmental exposures allowed for study of temporal variation and the relationship between DNA methylation and important cancer risk factors. A further strength was our ability to evaluate both genetic and epigenetic data together as this allowed for more comprehensive study of the underlying genetic structure in this complex region, providing some clues about the biologic mechanism that might underlie the associations for 8q24 SNPs with the risk of various cancers. We were also able to demonstrate that our most significant CpG site-SNP correlations replicated in an independent population.
In conclusion, among non-Hispanic Caucasian men in PLCO, we identified a number of specific CpG sites at 8q24 that demonstrated good reproducibility, temporal stability, and moderate to high between-individual variation and thus are well suited for evaluation in relation to cancer risk in future studies. These sites are largely located nearby cancer susceptibility SNPs at 8q24 as opposed to in or near MYC. In addition, our study is the first to report correlations between DNA methylation levels at specific CpG sites in peripheral blood and cancer susceptibility SNPs at 8q24, suggesting that there may also be a role of DNA methylation at this important cancer susceptibility locus in cancer risk. 
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